Conventional endovascular treatment may have limitations for vertebral dissecting aneurysm involving the origin of the posterior inferior cerebellar artery (PICA). We report our experiences of treating vertebral dissecting aneurysm with PICA origin involvement by placing a stent from the distal vertebral artery (VA) to the PICA to save the patency of the PICA.
Introduction
Acutely ruptured vertebral artery (VA) dissecting aneurysms are unstable and have a tendency to rebleed [1] [2] [3] . The rebleeding rate has been reported to be as high as 71.4% in a group of 42 untreated patients 2 . The mortality rate of these rebleedings was high, being 46.7% in this series. The treatment options are more complicated if the lesion involves the origin of posterior inferior cerebellar artery (PICA). The most commonly accepted treatment modality is complete isolation of the dissected segment by surgical or endovascular trapping, along with revascularization of the PICA using an occipital artery (OA)-to-PICA bypass 4 , PICA sideto-side anastomosis 3 or PICA transposition 5 . Nevertheless, bypass surgery of the posterior circulation carries a considerable operative risk due to anastomosis in the deep and narrow operative corridor near the brainstem and cranial nerves 6 . Conventional endovascular treatment (stent placement or stent-assisted coiling) may have a limitation for VA dissecting aneurysm with involvement of the PICA origin 7 . Based on our particular experiences with stent-assisted coiling of intracranial aneurysms, the use of stent devices in small intracranial vessels of <2 mm diameter is feasible and Wu et al. 8 first described stenting from the distal VA to the PI-CA with VA occlusion for a ruptured VA dissecting aneurysm in 2009. Since this first de-PICA origin with sufficient contralateral VA, and one patient had segmental stenosis of the distal VA involving the origin of the PICA. All patients underwent digital subtraction angiography and rotational angiography with 3D reconstructions to characterize the lesion and the complex VA-PICA anatomy. All procedures were performed with the patient under general anesthesia. For the ruptured VA dissecting aneurysm involving the PICA origin, antiplatelets (clopidogrel, 300 mg) were administered just two hours before the procedure and dual antiplatelets (aspirin, 100 mg/day and clopidogrel, scription, further investigations evaluated this treatment modality 9, 10 . The present study adds another small series to these investigations.
Materials and Methods
Between 2009 and 2012 in our center, we attempted to place stents from the distal VA to the PICA in eight patients. The eight male patients ranged from 35 to 68 years of age with a mean of 46.8 years. The eight patients had a ruptured VA dissecting aneurysm involving the eurysms are a source of emboli and/or may enlarge and are therefore treated (in the majority of cases by vessel reconstruction). The decision can be based on a simple visual evaluation. If the contralateral VA is "normal", the dissected VA can be occluded. If the contralateral VA is hypoplastic or occluded, PVO is not a good option. Coiling (alone or with stenting) of ruptured dissecting aneurysms is a dangerous strategy, which we would never propose today as we have seen severe recurrent hemorrhages in patients treated this way 12 . Wu et al. 8 first reported the use of the Neuroform 3TM stent from the distal VA to the PICA for a ruptured VA dissecting aneurysm involving the PICA origin, which was performed safely and efficaciously for midterm results. Since then several case reports and series studies have reported the safety of stent insertion from the distal VA to the PICA 9,10 . Chung et al. 9 concluded that Enterprise stents were successfully and accurately deployed from the VA to the PICA with no occurrence of stent occlusion. Kim et al. 10 reported that six patients had safely and successfully undergone Enterprise stent deployment from VA to PICA and the midterm (6-12 months) follow-up angiography revealed that flow of the PICA was patent without stenosis or occlusion. Moreover, the angle of the VA-PICA junction became larger after the procedure in most of their cases, and the morphologic changes in vessels made the PICA flow better (Figure 1, arrowheads) . Stenting into the PICA was challenging for its smaller caliber, and the midterm follow-up angiography revealed that flow of the PICA was patent without stenosis or occlusion. Moreover, the caliber of the PICA increased, and the angle of VA-PICA junction became larger after the procedure in reported 10 and our cases, and the morphologic vessel changes made the PICA flow better. The promising results of our previous study make stent placement in smaller cerebral arteries worth addressing in more patients who cannot avoid stent placement 13 . We also found three VA recanalizations in our seven cases, which may be the true lumen of the VA dissection. The reasons for re-partial canalization of the VA may be loose partially packing coils still allowing flow through the stent and filling the lumen. These follow-up findings may suggest dynamic changes in this disease and cannot be expected in all. In addition, the risk of thromboembolic events post procedure should be kept in mind 14 .
75 mg/day) initiated on the next day for one month and followed by clopidogrel, 75 mg/day, for six months. In six patients, we used the 4.5×37 Enterprise stent (Cordis, Miami Lakes, FL, USA) from the distal VA to the PICA (Figure 1 ) and the 3×15 Neuroform3TM (Boston Scientific) was used in two patients. Follow-up angiography was performed in seven of the eight patients between three and eight months after the procedure, and clinical follow-up was performed from three to 24 months after the procedure in all patients. Clinical outcomes were evaluated using the Modified Rankin Score Scale.
Results
There was one technical failure in our patients because of PICA origin stenosis and the Prowler Plus catheter used for Enterprise stent navigation could not be advanced into the distal PICA. This patient was treated with two overlapping stents. The procedure was successful in seven patients. One of the seven patients had a small infarction of the lateral brainstem on MRI post-treatment. Follow-up angiography at mean ten months (range, 3-32 months) revealed good PICA patency without in-stent stenosis in the seven patients and three distal VA recanalizations without aneurysmal filling. Clinical outcome was evaluated at the same time and eight patients had favorable outcomes (mRS, 0-1).
Discussion
Conventional endovascular treatment for VA dissecting aneurysms involving the PICA origin may be limited 7 . Surgical strategies may be inconvenient because they may take a relatively longer time and result in postoperative complications, such as lower cranial nerve palsy 11 . The choice of endovascular treatment for patients with VA dissecting aneurysms depends on the patency of the contralateral VA and the relationship between the VA lesion and the location of the PICA origin 5 . Our opinion is as follows: ruptured dissecting aneurysm with sufficient contralateral VA: parent vessel occlusion (PVO); ruptured aneurysm without a sufficient contralateral VA: vessel reconstruction with stent(s) or flow diverters; coiling of these aneurysms should be avoided; unruptured an-cell) of stents used by us are very different and underlie the choice of treatment.
Conclusions
Placing a stent from the distal VA to the PICA with VA occlusion may present an alternative to conventional endovascular treatment for vertebral dissecting aneurysm with involvement of the PICA origin with sufficient contralateral VA.
Recently, flow diverters, such as the Pipeline embolization device (ev3, Irvine, CA, USA) and Silk stent (Balt Extrusion, Montmorency, France), offer a novel therapeutic alternative for many of these same lesions 15, 16 . Although initial published results indicate a generally favorable risk-benefit profile for flow diverters, only several such cases were treated 15, 16 . The antiplatelet regimen, which is our personal experience, is different from those most commonly used 7, 9, [14] [15] [16] 
